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PROBES FOR VARIANCE DETECTION 

This application is a divisional of U.S. Patent Application 09/697,097, filed 
October 26, 2000, which is still pending and which is a divisional of U.S. Patent 
Application 09/073,717, filed May 6, 1998, now U.S. Patent 6,183,958. 

Background of the Invention 

This invention relates to methods and reagents for detecting mispaired nucleotides 
in duplex nucleic acids for use, for example, in identifying genetic variations in nucleic 
acid sequences for research, therapeutic, and diagnostic applications. 

Genetic variation occurs at approximately 1 out of every 100 bases within the 
genome. Research aimed at discovering genetic variation associated with diseases or 
disease therapies, as well as diagnostic tests aimed at using genetic information to 
manage patient care, requires efficient methods for detecting and typing genetic variance 
in various test sequences. Variances may be detected by a variety of methods. Many of 
these methods require the use of a probe with a unique sequence (representing a single 
allelic form of the sequence) as a reference by which to identify differences in the 
sequences of homologous DNA segments in patient test samples. Probes with a unique 
sequence are commonly produced from cloned DNA or cDNA. However, the use of 
probes from cloned DNA limits the ability to identify variances to DNA segments for 
which such clones are readily available, or alternatively requires the cloning of each 
DNA segment to be analyzed. 

Summary of the Invention 
The present invention involves a general method for obtaining and using probes 
with unique sequences (monoallelic probes) from certain cells or tissues that are 
hemizygous for genes, chromosomal segments, or chromosomes that are the object of the 



analysis. Such probes are useful for the analysis of sequence variation, for example, by 
heteroduplex formation. 

Accordingly, in a first aspect, the invention features a method for detecting a 
5 nucleotide mismatch in a nucleic acid sample that includes the steps of: (a) providing a 
nucleic acid probe derived from a hemizygous cell, the probe being complementary to a 
hemizygous chromosome or segment thereof present in the hemizygous cell; (b) forming 
a duplex between the nucleic acid sample and the probe; and (c) determining if the 
M duplex contains a nucleotide mismatch. 

lij§ In various embodiments of this aspect of the invention, the determining step is 

a carried out using a denaturing gradient gel electrophoresis technique; the nucleotide 
«! mismatch represents a sequence variance in a population; the probe has a known 
j=a sequence, and may be detectably labeled; the hemizygous cell results from the loss of a 
P chromosome or segment thereof; the hemizygous cell includes multiple copies of the 
13 hemizygous chromosome or segment thereof; the hemizygous cell may be human; the 
Q hemizygous cell may be an immortalized cell; the hemizygous cell may be derived from a 
! v complete hydatidiform mole, an ovarian teratoma, an acute lymphocytic leukemia, an 
acute myeloid leukemia, a solid tumor, a squamous cell lung cancer, an endometrial 
ovarian cancer, a malignant fibrous histiocytoma, or a renal oncocytoma; the hemizygous 
20 cell may be NALM-1 6 or KBM-7; and the hemizygous cell may be derived from a 
haploid germ cell 

In yet other embodiments of the first aspect of the invention, the presence of the 
nucleotide mismatch correlates with a level of therapeutic responsiveness to a drug or 
other therapeutic intervention; the presence of the nucleotide mismatch indicates a 
25 disease or condition, or a predisposition to develop the disease or condition; the nucleic 
acid probe is produced by amplifying at least a portion of the hemizygous chromosome 
or segment thereof to produce the probe; the determining step utilizes a protein that binds 
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or cleaves the nucleotide mismatch, for example, MutS or a resolvase (e.g., T4 
endonuclease VII), and the determining step utilizes a chemical agent that detects the 
nucleotide mismatch. This method of the first aspect of the invention may be used to 
determine the haplotype of the nucleic acid sample. 
5 In a second aspect, the invention features a method for detecting a nucleotide 

mismatch in a nucleic acid sample that includes the steps of: (a) providing a nucleic acid 
probe derived from a sex chromosome; (b) forming a duplex between the nucleic acid 
sample and the probe; and (c) determining if the duplex contains a nucleotide mismatch. 
In a third aspect, the invention features a method for detecting a nucleotide 
ill mismatch in a nucleic acid sample that includes the steps of: (a) providing a nucleic acid 
y probe derived from a somatic cell hybrid, the probe being complementary to a 
□ chromosome or segment thereof, where only one allele of the chromosome or segment 
fy thereof is present in the somatic cell hybrid; (b) forming a duplex between the nucleic 

acid sample and the probe; and (c) determining if the duplex contains a nucleotide 
15 mismatch. 

.XXL 

;=={ In a fourth aspect, the invention features a kit for detecting a nucleotide mismatch 

O that includes: (a) a nucleic acid probe derived from a hemizygous cell, the probe being 

complementary to a hemizygous chromosome or segment thereof; and (b) a means for 

detecting a nucleotide mismatch. In preferred embodiments, the probe is detectably 
20 labeled; the detecting means is a protein that binds or cleaves the nucleotide mismatch, 

for example, MutS or a resolvase (e.g., T4 endonuclease VII); and the detecting means is 

a chemical agent that detects the nucleotide mismatch. 

In a fifth aspect, the invention features a method for producing a nucleic acid 

probe for the detection of a nucleotide mismatch that includes the steps of: (a) providing 
25 a hemizygous cell having at least one hemizygous chromosome or segment thereof; and 

(b) amplifying at least a portion of the hemizygous chromosome or segment thereof to 

produce the probe. 
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In a sixth aspect, the invention features a method for producing a nucleic acid 
probe for the detection of a nucleotide mismatch that includes the steps of; (a) providing 
nucleic acid from a hemizygous cell having at least one hemizygous chromosome or 
segment thereof; and (b) using the nucleic acid to produce a probe, the probe being 
5 complementary to at least a portion of the hemizygous chromosome or segment thereof. 
In one preferred embodiment, the nucleic acid is amplified, where the amplified nucleic 
acid is a representation of the genomic DNA of the hemizygous cell In another 
embodiment of this aspect, the nucleic acid is an RNA or DNA library. 

In preferred embodiments of the fifth and sixth aspects of the invention, the probe 

lO has a known sequence; the method further includes detectably labeling the probe; the 

O 

£ hemizygous cell may be human; the hemizygous cell may be an immortalized cell; the 

.pa. 
:—.t 

y hemizygous cell may be derived from a complete hydatidifbrm mole, an ovarian 

i J : teratoma, an acute lymphocytic leukemia, an acute myeloid leukemia, a solid tumor, a 

L squamous cell lung cancer, an endometrial ovarian cancer, a malignant fibrous 

ff histiocytoma, or a renal oncocytoma; the hemizygous cell is NALM-16 or KBM-7; and 

\| the hemizygous cell may be derived from a haploid germ cell. 

jSj In a seventh aspect, the invention features a nucleic acid probe for the detection of 

a nucleotide mismatch, the probe being derived from a hemizygous cell and being 
complementary to a hemizygous chromosome or segment thereof. In a preferred 

20 embodiment of this aspect of the invention, the probe is detectably labeled. 

In an eighth aspect, the invention features a nucleic acid probe derived from an 
autosomal chromosome of a mammalian cell, the probe having a unique sequence. In 
one preferred embodiment of this aspect of the invention, the probe is detectably labeled 
In a final aspect, the invention features a method for determining if two nucleotide 

25 mismatches are located on the same strand of DNA in a nucleic acid sample that includes 
the steps of: (a) providing a first nucleic acid probe derived from a hemizygous cell, the 
first nucleic acid probe having a first unique sequence; (b) forming a first duplex between 
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the nucleic acid sample and the first nucleic acid probe; (c) contacting the first duplex 
with a compound that cleaves a duplex containing a nucleotide mismatch under 
conditions which allow the compound to cleave the first duplex if the first duplex 
contains a nucleotide mismatch; (d) providing a second nucleic acid probe derived from a 
5 hemizygous cell, the second nucleic acid probe having a second unique sequence; (e) 
forming a second duplex between the product of step (c) and the second nucleic acid 
probe; (f) contacting the second duplex with the compound under conditions which allow 
the compound to cleave the second duplex if the second duplex contains a nucleotide 
mismatch; and (g) comparing the product of step (c) with the product of step (f), a 
W reduction in the size of the product of step (f) compared to the product of step (c) 

.3=9.;. 

d indicating that both the nucleotide mismatches are located on the same strand of DNA in 

□ the nucleic acid sample. 

m In preferred embodiments of the ninth aspect of the invention, the method is used 

! ^ to determine the haplotype of the nucleic acid sample; and three or more nucleic acid 
© probes are provided, each derived from a hemizygous cell and having a different unique 
dj sequence, and, for each nucleic acid probe, steps (e) - (g) are repeated, and the products 

□ of each cleavage step compared. 

In other embodiments of this aspect of the invention, the compound may be a 
resolvase (e.g., T4 endonuclease VII) or may be a chemical; the comparing step is carried 

20 out using a denaturing gradient gel electrophoresis technique; the first nucleic acid probe 
and the second nucleic acid probe are derived from the same hemizygous cell; the first 
and second nucleic acid probes may have a known sequence, and may be detectably 
labeled; the hemizygous cell results from the loss of a chromosome or segment thereof; 
the hemizygous cell includes multiple copies of the hemizygous chromosome or segment 

25 thereof; the hemizygous cell may be human; the hemizygous cell may be an immortalized 
cell; the hemizygous cell may be derived from a complete hydatidiform mole, an ovarian 
teratoma, an acute lymphocytic leukemia, an acute myeloid leukemia, a solid tumor, a 
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squamous cell lung cancer, an endometrial ovarian cancer, a malignant fibrous 
histiocytoma, or a renal oncocytoma; the hemizygous cell may be NALM-16 or KBM-7; 
and the hemizygous cell may be derived from a haploid germ cell 

In yet other embodiments of the ninth aspect of the invention, the location of two 
5 nucleotide mismatches on the same strand of DNA in a nucleic acid sample correlates 
with a level of therapeutic responsiveness to a drug or other therapeutic intervention; the 
location of two nucleotide mismatches on the same strand of DNA in a nucleic acid 
sample indicates a disease or condition, or a predisposition to develop the disease or 
condition; and the nucleic acid probes are produced by amplifying at least a portion of 
ljgh the hemizygous chromosome or segment thereof to produce the probes. 

By a "hemizygous cell" is meant a mammalian cell having one or more autosomal 

.ssst. 

£1 chromosomes, or segments thereof, which are derived from only one parental copy and 
y whose genome therefore contains one unique sequence (z.e., is completely homozygous) 
at those chromosomal locations. Included within this definition is a cell having two (or 
p: even more) identical copies of this unique sequence chromosome (or segment thereof), 
\I most commonly as the result of a chromosomal duplication event. Such unique sequence 
j^j autosomal chromosomes are referred to herein as "hemizygous chromosomes." 

By a "unique sequence" is meant the nucleotide sequence of the hemizygous 
chromosomes in a hemizygous cell, where substantially all of the homologous 
20 chromosomes in the cell contain the same base at every position within the sequence. By 
a probe having a "unique sequence" is meant that substantially all copies of the probe 
made from a hemizygous cell contain the same base at every position within the 
sequence. In a solution of such a unique sequence probe, different bases comprise less 
than 1%, preferably, less than 0.1%, and, more preferably, less than 0.01% of the bases 
25 present at any given position in that probe in the solution. Typically, these low frequency 
base changes are introduced during probe preparation (for example, during PCR 
amplification) and do not represent base differences present in the chromosomal 
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sequence from which the probe was generated. By "base" is meant a nucleotide, 
including an A (dATP), G (dGTP), C (dCTP), or T (dTTP) for DNA, and an A (ATP), G 
(GTP), C (CTP), or U (UTP) for RNA, as well as chemical derivatives of these bases 
commonly known in the art that are substrates for polymerases and which may be 
5 incorporated into amplified sequences. 

By a "probe" is meant a nucleic acid molecule derived from a gene, chromosomal 
segment, or chromosome that is used as a reference, for example, in variance detection to 
determine whether a test sample of the same gene, chromosomal segment, or 
chromosome derived from a particular individual contains the identical sequence or a 
li# different sequence at one or more nucleotide positions. Probes may be derived from 

□ genomic DNA or cDNA, for example, by amplification, or from cloned DNA segments 

□ and, most commonly, contain either genomic DNA or cDNA sequences representing all 
ill or a portion of a single gene from a single individual. Preferably, the probe has a unique 
r * sequence (as defined above) and/or has a known sequence. 

19 By "autosomal chromosome" is meant any chromosome within a normal somatic 

□ or germ cell except the sex chromosomes. In humans, for example, chromosomes 1-22 
n are autosomal chromosomes. 

By "sex chromosome" is meant a chromosome, or a segment thereof, the presence, 
absence, or alteration of which affects the gender of the organism from which the 

20 chromosome is derived. Human sex chromosomes, for example, are the X chromosome 
and the Y chromosome. 

By a "haploid germ cell" is meant a sperm cell or an oocyte (i.e. 9 an unfertilized 
egg cell). 

By "haplotype" is meant an allele or a group of alleles (i.e., a specific set of 
25 nucleotides at variant positions) on a single chromosome or segment thereof. 

By "polypeptide" or "protein" is meant any chain of amino acids, regardless of 
length or post-translational modification (for example, glycosylation or phosphorylation). 
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By "detectably labeled" is meant that a molecule is marked or identified by some 
means that may be observed or assayed. Methods for detectably labeling a molecule are 
well known in the art and include, without limitation, radioactive labeling (for example, 
with an isotope such as 32 P or 35 S), enzymatic labelling (for example, using horseradish 
peroxidase), chemiluminescent labeling, and fluorescent labeling (for example, using 
fluorescein). Also included in this definition is a molecule that is detectably labeled by 
an indirect means, for example, a molecule that is bound with a first moiety (such as 
biotin) that is, in turn, bound to a second moiety that may be observed or assayed (such as 
fluorescein-labeled streptavidin). 

By "resolvase" is meant any protein that is capable of cleaving a mismatch (for 
example, a mismatch loop) in a heteroduplex, or is capable of cleaving a cruciform DNA. 
Examples of resolvases include, without limitation, T4 endonuclease VII, Saccharomyces 
cerevisiae Endo XI, Endo X2, Endo X3, and CCE1 (Jensch et al. 9 EMBO J. 8: 
4325-4334, 1989; Kupfer and Kemper, Eur. J. Biochem. 238: 77-87, 1996), T7 
endonuclease I, E. coli MutY (Wu et al, Proc. Natl. Acad. Sci. USA 89: 8779-8783, 
1992), mammalian thymine glycosylase (Wiebauer et al 9 Proc. Natl. Acad. Sci. USA 87: 
5842-5845, 1990), topoisomerase I from human thymus (Yeh et al. 9 J. Biol. Chem. 266: 
6480-6484, 1991; Yeh et aL, J. Biol. Chem. 269: 15498-15504, 1994), and deoxyinosine 
3' endonuclease (Yao and Kow, J. Biol. Chem. 269: 31390-31396, 1994). To carry out 
mismatch detection, one or several resolvases may be utilized. A resolvase represents 
one type of protein that may be used to detect a mismatch. 

By "bindase" is meant any protein that is capable of specifically binding to, but 
not cleaving, a heteroduplex. A bindase represents one type of protein that may be used 
to detect a mismatch, and may be used alone, with another bindase, or with one more 
resolvases to carry out mismatch detection. One exemplary bindase is E. coli MutS. 

By a "chemical agent that detects a heteroduplex" is meant a chemical agent that 
modifies mismatched nucleotides. Examples of such chemical agents are carbodiimide, 
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hydroxylamine, osmium tetroxide, and potassium permanganate which are used in the 
carbodiimide (CDI) and the Chemical Cleavage of Mismatch (CCM) methods (Smooker 
and Cotton, Mutat Res. 288: 65-77, 1993; Roberts et ai 9 Nucl. Acids Res. 25:3377- 
3378, 1997). In a given mismatch detection assay, one or several chemical agents or 
5 methods may be utilized. 

By "duplex" is meant a structure formed between two annealed complementary 
nucleic acid strands (for example, one nucleic acid strand from a test sample and one 
nucleic acid strand from a probe) in which sufficient sequence complementarity exists 
between the strands to maintain a stable hybridization complex. A duplex may be either 
IS a homoduplex, in which all of the nucleotides in the first strand appropriately base pair 

a 

f: with all of the nucleotides in the second opposing complementary strand, or a 

Q heteroduplex. By a "heteroduplex" is meant a structure formed between two annealed 

jj: strands of nucleic acid in which one or more nucleotides in the first strand do not or 

cannot appropriately base pair with one or more nucleotides in the second opposing (i.e., 
ij complementary) strand because of one or more mismatches. Examples of different types 
% 4 of heteroduplexes include those which exhibit an exchange of one or several nucleotides, 
j=y and insertion or deletion mutations, each of which is described in Bhattacharyya and 
Lilley (Nucl Acids Res. 17: 6821-6840, 1989). 

By "complementary" is meant that two nucleic acids, e.g., DNA or RNA, contain 
20 a sufficient number of nucleotides which are capable of forming Watson-Crick base pairs 
to produce a region of double-strandedness between the two nucleic acids. Thus, adenine 
in one strand of DNA or RNA pairs with thymine in an opposing complementary DNA 
strand or with uracil in an opposing complementary RNA strand. It will be understood 
that each nucleotide in a nucleic acid molecule need not form a matched Watson-Crick 
25 base pair with a nucleotide in an opposing complementary strand to form a duplex. 

By "mismatch" is meant that a nucleotide in one strand does not or cannot pair 
through Watson-Crick base pairing and Tr-stacking interactions with a nucleotide in an 
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opposing complementary strand. For example, adenine in one strand would form a 
mismatch with adenine, cytosine, or guanine in an opposing nucleotide strand. In 
addition, a mismatch occurs when a first nucleotide cannot pair with a second nucleotide 
in an opposing strand because the second nucleotide is absent (i.e., an unmatched 
5 nucleotide). 

By a "disease" is meant a condition of a living organism which impairs normal 
functioning of the organism, or an organ or tissue thereof. 

By an "immortalized cell" is meant a cell that is capable of undergoing a 
substantially unlimited number of cell divisions in vivo or in vitro. One example of an 
1|| immortalized cell is a cell into which (or into an ancestor of which) has been introduced 
£ an exogenous gene or gene product (e.g., an oncogene) or virus (e.g., Epstein-Barr virus) 
y which allows that cell to divide an unrestricted number of times. An immortalized cell 

may also arise from a genomic mutation in an endogenous gene that gives rise to a 
;L mutated gene product or dysregulation of an endogenous gene product (e.g., a 
W dysregulation that allows the overexpression of a cell cycle regulatory gene). An 
'■'--4 immortalized cell is distinguished from a stem cell in that an immortalized cell has an 
;t| alteration affecting normal gene expression and/or regulation. Exemplary immortalized 
cells include cancer cell lines, such as those that have been generated from solid and non- 
solid tumors. Such cells are commercially available, for example, from the American 
20 Type Culture Collection (see ATCC Catalog of Cell Lines and Hybridomas, Rockville, 
MD). Immortalized cells also include naturally-occurring or artificially-generated cell 
lines. 

Other features and advantages of the invention will be apparent from the following 
detailed description, and from the claims. 

25 

Brief Description of the Drawing 
Fig. 1 is a schematic representation of the four possible alleles (1-4) for variance 
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#1 and variance #2 located 300 nucleotides apart on a chromosomal fragment. 



Detailed Description 
A variety of methods are described herein for the rapid and accurate detection of 
DNA sequence variation for research, therapeutic, or diagnostic purposes. Table I lists 
exemplary techniques to detect and/or resolve sequence differences, grouped according to 
the characteristics of the physical or enzymatic method used. All of these methods 
involve the formation of heteroduplexes, either between a probe and a test sample or 
between alleles of a test sample. 
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We have determined that it would be preferable in many instances to derive probes 
without cloning through the amplification of gene segments from a template of genomic 
DNA or cDNA. Since most genes in an individual are present in two copies, one 
inherited from each parent, that normally differ in their sequences at one or more 
positions, and the positions of all such variations are not known, it is not generally 
possible to derive a probe which has a unique base present at each position within the 
sequence. This results in a probe that can form a heteroduplex with itself, creating a 
variety of possible background problems for variance detection. Described herein are 
novel methods for producing, without cloning, probes that have unique base sequences. 
Such probes are useful for identifying variant sequences in genes derived from an 
individual. 

It is known that the sequence of a specific gene differs substantially in different 
individuals. Estimates suggest that 1 in 100 bases to 1 in 300 bases within the sequence 
of a gene vary between individuals in human populations. Many variations are 
pathogenic mutations that cause disease, but the vast majority are non-pathogenic 
changes that contribute to normal human variability or the variable responses of 
individuals to their environment. Others may have no biological consequence. Methods 
for detecting variances in gene sequences have important applications both for research 
into the cause of disease and for medical diagnostics. Methods for detecting variances 
also have broad application in the fields of animal breeding and plant genetics in that 
variances may be discovered to be associated with phenotypes of interest. 

For use in the methods described herein, a test sample (that is, a segment of 
genomic DNA or cDNA derived from an individual by cloning or amplification that 
contains a sequence of interest) is analyzed. The term "derived from an individual" 
refers to cells, such as blood, tissue, or cultured cells, that are obtained originally from an 
individual. The test sample may be derived from an individual for use in research or 
diagnostic testing aimed at discovering variances that exist in the population, variances 



15 



that potentially represent the cause of disease, the cause of normal variation, or silent 
variation. In one example, the test sample may be derived from a patient with a disease, a 
condition, or another phenotype of interest, to determine whether that patient's gene 
contains variances that are associated with a particular disease, predisposition to disease, 
prognosis, or response to therapy. Alternatively, the test sample may be derived from a 
patient with or without disease symptoms to diagnose whether that patient has a disease, 
or a predisposition to a disease, or to assess the patient's present or further response to 
therapy. For research aimed at the discovery of variances and for diagnostic methods, it 
is preferable to have a probe with a unique sequence in order to identify variations from 
this reference sequence. 

Variances may be detected in test samples by forming duplexes between the two 
parental copies present in a test sample. If the two sequences differ, heteroduplexes will 
be formed. This approach is less preferred for the following reasons. First, each sample 
must be labelled separately, increasing the likelihood of non-uniform or inadequate 
labelling and requiring new labelling for each new batch of test samples. Second, any 
sequence differences are measured against an unknown reference sequence; 
homozygosity for variances of interest will not be detected. And, third, there is no 
known hemizygous reference sample against which to compare the test samples. 

A preferred method for detecting variances involves hybridizing a probe to a test 
sample and analyzing the resulting double stranded molecule for heteroduplexes which 
arise when the sequences of the probe and test sample differ at one or more positions. As 
described above, a heteroduplex is any double stranded DNA molecule in which the two 
strands differ at one or more positions. Strands form a homoduplex if the sequences of 
the two strands allows normal base pairing to occur at every position within the double 
stranded DNA molecule (i.e., G binding to C, and A binding to T). Strands form a 
heteroduplex when normal base pairing does not occur at one or more positions. This 
results when the sequence of the test sample differs from the sequence of the probe, for 
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example, due to a transition, transversion, insertion, or deletion of nucleotides within the 
gene sequence. The absence of heteroduplexes reveals that the sequence of the test 
sample is identical to that of the probe. The presence of heteroduplexes reveals that the 
sequence of the test sample contains variances at one or more positions, and may also 
reveal the location and nature of the variance. 

If the probe does not have a unique sequence, this analysis may be complicated by 
the formation of heteroduplexes between different probe molecules, rather than between 
the probe and the test sequence, thus compromising the analysis of the test samples. A 
probe which does not have a unique sequence and which leads to formation of 
heteroduplexes between different constituents of the probe population generates a 
background signal of noninformative heteroduplexes that can mask informative 
heteroduplexes formed between probe and test sample strands, resulting in a failure to 
detect true sequence variants. The unique sequence probes described herein are used to 
form duplexes with test samples to determine whether the sequence of the test sample is 
identical to the probe or whether it contains variances. 

Heteroduplexes can be distinguished from homoduplexes by a variety of methods 
known in the art including, without limitation, methods based on the physical structures 
that are formed by mismatched base pairing, the altered thermal stability of 
heteroduplexes (DNA melting behavior) as opposed to that of homoduplexes, the 
recognition of mismatched bases by mismatch recognition enzymes (such as elements of 
the DNA repair system or resolvases), or chemical reactions with mispaired bases. These 
methods can utilize, for example, (i) the altered electrophoretic mobility of 
heteroduplexes and homoduplexes, either in a nondenaturing gel, denaturing gel, gradient 
denaturing gel, or by liquid chromatography, (ii) the susceptibility of heteroduplexes to 
binding by enzymes (e.g., MutS) that recognize heteroduplexes, or (iii) the susceptibility 
of heteroduplexes to cleavage by enzymes (e.g., T4 endonuclease VII) that recognize 
heteroduplexes. Techniques that detect altered electrophoretic mobility include 
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heteroduplex analysis (HA), constant denaturant gel electrophoresis (CDGE), denaturing 
gradient gel electrophoresis (DGGE), and denaturing high pressure liquid 
chromatography (DHPLC). Exemplary techniques that may be used to detect binding of 
mismatches in heteroduplexes utilize enzymes such as E. coli MutS (or equivalent 
proteins from various species) and related DNA repair enzymes. Techniques that assay 
cleavage of heteroduplexes utilize enzymes such as MutS in combination with other 
components of the bacterial DNA nucleotide repair system such as MutH and MutL (that 
is, a MutHLS complex, or equivalent protein complexes from other species) or enzymes 
such as phage T4 endonuclease VII or phage T7 endonuclease I. 

In a preferred approach for carrying out variance detection, the unique sequence 
probe of the invention is detectably labeled, which allows the heteroduplex, or a fragment 
of the heteroduplex, to be visualized by analytical equipment or imaging. Commonly, 
nucleotide derivatives are used in the production of the probe which facilitate the 
incorporation of a moiety into the probes that can be directly visualized or that 
participates in a reaction that creates a detectable event. Examples of detectable labels 
include, but are not limited to, radioactive atoms, fluorescent or chemiluminescent 
molecules, enzymes, or affinity ligands. Preferably, the label on the probe is used to 
identify heteroduplexes or homoduplexes formed by hybridizing the probe to the test 
sample. In an alternative approach, the detectable label may instead be incorporated into 
the test sample, and the detectably labeled test samples used to identify heteroduplexes or 
homoduplexes formed following probe hybridization. 

It will be understood that the terms "probe" and "test sample" typically refer to 
solutions or suspensions of probes or test samples of sufficient amount and sufficient 
concentration to form and detect double stranded heteroduplexes and homoduplexes. As 
known in the field of genetic variance detection, such analysis may require amounts of 
material ranging from 1 pg to 1 jag per reaction, representing as many as 10 6 to 10 12 
molecules per reaction, where each reaction involves the mixture of a probe and a test 
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sample to form heteroduplexes or homoduplexes. It is preferable to produce probes in 
sufficient quantity to allow one batch of probe to be used to assay a large number of test 
samples, for example, more than 100, or preferably more than 1,000 or even 10,000 test 
samples. This simplifies standardization of the procedures and improves efficiency for 
5 research or diagnostic applications. 

The large amount of material required for generating probes is most commonly 
produced from a cloned segment of genomic DNA or cDNA corresponding to the gene to 
be analyzed. This may involve, for example, making a preparation of plasmid or Ml 3 
and preparing the probe by restriction digestion, polymerization, or PCR amplification 
Xfi using the clone as a template. This requires having a cloned version of a gene to be 
q analyzed. When the goal is to analyze many different DNA sequences, the isolation of 
q cloned versions of all the sequences may be inefficient. This is particularly true if the 
^ sequences to be analyzed are cDNAs, or long segments of genomic DNA. In the former 
case it may be technically difficult to obtain a full length cDNA clone; in the latter case, 
O many different contiguous segments would need to be successfully cloned. 
□ We have determined that it would be advantageous to have probes that may be 

q reliably produced from a genomic DNA or cDNA template. However, materials 
: y produced by PCR amplification of the genomic DNA or cDNA template from normal 

cells or tissues of any particular individual contain sequences derived from two different 
20 gene copies (e.g., maternally and paternally derived) that commonly differ at one or more 
positions and are therefore not optimal for use as probes. As described above, the 
presence of heteroduplexes formed within such probe material interferes with the 
detection of heteroduplexes formed with the test sample. It should be emphasized that 
any material derived from an individual who has two copies of a gene may be presumed 
25 not to represent a unique sequence given the high frequency of genetic variances in the 
population. While an individual may be said to be homozygous by having the same 
sequence at certain positions, in virtually all cases, the gene will not be identical at all 
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positions, and it may be presumed that a probe developed from a template of genomic 
DNA or cDNA from such an individual would not be unique at all or substantially all 
nucleotide bases. 

We have determined that probes may be reliably produced from genomic DNA or 
5 cDNA segments from cells that contain only one parental copy of the gene to be 

analyzed, for example, by PCR amplification. Furthermore, we have identified classes of 
tissues and cells, as well as specific cells derived from tumors, tumor cell lines, or hybrid 
cell lines, that contain only one allele of the gene to be analyzed and in which the 
template of genomic DNA (or a cDNA thereof) comprises a single parental copy of the 
lis gene sequence and provides a probe with a unique base at each position. 
1 In one example, the template may be derived from one copy of a gene, 

J? chromosomal segment, or chromosome remaining in a cell (either maternal or paternal) 
! u after loss of the heterologous gene, chromosomal segment, or chromosome. Similarly, 
* the template may be derived from more than one copy of a gene, chromosomal segment, 
W or chromosome present in a cell, each gene, chromosomal segment, or chromosome 

; 5 

\i being derived from a single parental copy (either maternal or paternal). 

,33% 

m It should be noted that it is not necessary that the tissue, cell line, or tumor have a 

single copy of the chromosome or chromosomes to be used for probe generation (i.e. 9 it 
need not be haploid). Often tumors or cell lines, when reduced to one copy of a 

20 chromosome, duplicate that one copy so that, while no longer haploid, they remain 
hemizygous at all locations on the duplicated chromosome or chromosome fragment, 
meaning that only one version of the chromosome is present. Duplication of a single 
chromosome in such instances to create, for example, two copies of a chromosome is 
distinct from having two different chromosomes that may be homozygous for certain 

25 sequences. In contrast, duplicated chromosomes in hemizygous cells may be presumed 
to have unique sequences. 

We use the term "gene" to refer to a sequence of DNA that includes both coding 
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and noncoding regions. The term "allele" refers to one specific form of a gene within a 
cell or within a population, the specific form differing from other forms of the same gene 
at one, and frequently more than one, variant site within the gene sequence. The 
sequences at the variant sites that differ between different alleles are termed "variances," 
"polymorphisms," or "mutations." In general, normal cells contain two alleles of each 
gene, with one allele inherited from each parent. 

The term "template" refers to a source of material that is the substrate for 
preparation of a probe using an amplification reaction. For example, a probe having a 
unique sequence can be made by amplifying, as a template, a hemizygous chromosome. 
Methods for amplification include, without limitation, polymerase chain reaction, ligase 
chain reaction, NASBA, SDA, 3SR, and TSA. It will be understood that, in any given 
method for generating a probe having a unique sequence, one or several amplification 
methods may be employed. 

A second method for generating a probe having a unique sequence is to prepare 
nucleic acid from a hemizygous cell, and to use this nucleic acid to produce the probe. 
For example, cDNA may be generated from the RNA of a hemizygous cell and used to 
create a cDNA library according to standard molecular biology techniques (see, e.g., 
Ausubel et al., Current Protocols in Molecular Biology , John Wiley & Sons, New York, 
1997; Sambrook et al., Molecular Cloning. A Laboratory Manual . 2nd ed., Cold Spring 
Harbor Press, Cold Spring Harbor, N.Y., 1989). The probe may then be generated from 
the library by a variety of methods including, without limitation, restriction endonuclease 
digestion, polymerase chain reaction, or the amplification methods cited herein. This 
method is particularly useful if the probe is from a hemizygous cell that is not an 
immortalized cell. 

In other variations for producing a probe having a unique sequence, the template 
may be genomic DNA or cDNA derived from a cell or tissue in which the gene of 
interest is present in a single parental copy. Another template may be genomic DNA or 
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cDNA derived from a cell or tissue in which a chromosome fragment containing the gene 
of interest is present in a single parental copy. The template may also be genomic DNA 
or cDNA derived from a cell or tissue in which one or more chromosomes containing 
genes of interest are present in single parental copies. Preferably, at least one 
chromosome, more preferably at least 5 chromosomes, yet more preferably, at least 15 or 
20 chromosomes, and, most preferably, all autosomal chromosomes are present in a 
single parental copy in a cell used for probe production. Probes for genes present on the 
X chromosome or Y chromosome may be derived from templates of genomic DNA and 
cDNA derived from a cell line or tissue that has only one parental copy of the X 
chromosome and one parental copy of the Y chromosome (e.g., male cell lines or 
tissues). Ideally the cell line or tumor has a complete set of chromosomes derived from 
one parent, since in that case one source can be used to produce a probe for any DNA or 
cDNA segment, regardless of its chromosomal location. This is particularly useful in 
cases where the chromosome location of the probe sequence is not known. Alternatively, 
two or more cell lines may, between them, be hemizygous for all of the chromosomes of 
the species of interest. 

Another cell or tissue from which the template is derived may contain genes from 
species other than humans in addition to the human gene that is the template for 
producing a probe (such as a somatic cell hybrid). For example, the cell may contain a 
complete set of genes from a species other than humans and one or more human 
chromosome segments or chromosomes. Preferably, the cell contains more than one 
human chromosome, more preferably, at least 5 human chromosomes, yet more 
preferably, at least 15 or 20 human chromosomes, and, most preferably, all human 
autosomal chromosomes present in a single parental copy. The cell may also contain one 
copy of the human X chromosome or one copy of the human Y chromosome. In 
examples of preferred somatic cell hybrids, the non-human genes are of mouse or 
Chinese hamster origin. 
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It will be apparent that the methods described herein are also applicable to analysis 
of genes from other species using, as sources for templates, cells or tissues that have only 
one parental copy of one or more genes from that species. For example, these techniques 
may be employed to create a bovine probe with a unique sequence, which may then be 
used to identify variant sequences in bovine genes. Such variant bovine sequences may 
be used for research, therapeutic, or diagnostic methods related to diseases in cattle (e.g., 
brucellosis). Similar approaches may also be used for veterinary techniques involving 
other livestock or domestic pets. Examples of hemizygous cell lines from other species 
are known in the art (Li et al 9 Mol. Mar. Biol. Biotechnol. 3(4):2 17-227, 1994; Bostock, 
Exp. Cell. Res. 106(2):373-377, 1977). 

As applied to humans, a number of hemizygous cells and tissues may be used to 
provide suitable templates for genomic DNA or cDNA for producing probes having 
unique sequence. There now follow exemplary sources for hemizygous probe production 
and exemplary mismatch detection techniques. These examples are provided for the 
purpose of illustrating the invention and should not be construed as limiting. 

Gestational trophoblastic tumors which are derived from a single germ cell. 

Complete hydatidiform moles (CHM) are commonly derived from a single germ 
cell. While the cells of a CHM commonly contain two copies of each chromosome, both 
copies are derived from the same parent — nearly always the father. Most CHMs 
(approximately 70%) are derived from a single sperm which presumably undergoes 
duplication after fertilization of an empty, or anuclear egg. Choriocarcinomas are 
malignant gestational trophoblastic tumors believed to arise, in at least some cases, from 
CHMs. Most choriocarcinomas are genetically heterozygous; however, there are reports 
of completely homozygous choriocarcinomas (Fisher et aL, Br. J. Cancer 58: 788-792, 
1988). DNA or RNA prepared from CHMs or choriocarcinomas may be used to prepare 
monoallelic DNA or cDNA probes (i.e., probes derived from a single allele and therefore 
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having unique sequence) by the methods described above. Alternatively, cell lines 
derived from such tumors may be used to provide a more convenient, easily accessible, 
and inexhaustible supply of DNA or RNA. A number of cell lines have been established 
from choriocarcinomas and are described, for example, in Nakamura and Yamashita 
(Nippon Sanka Fujinka Gakkai Zasshi 38: 477-484, 1986). Some choriocarcinoma cell 
lines have been characterized cytogenetically or using RFLP or other DNA markers and 
have been found to be heterozygous; other choriocarcinoma cell lines have not yet been 
tested. Several cell lines have been developed from CHMs as well, but there are no 
reports of cytogenetic or molecular characterization of these cells. 

Ovarian teratomas that are derived from a single germ cell. 

Benign ovarian teratomas are entirely maternal in their derivation, and most 
commonly have a normal karyotype of 46,XX. It is estimated that as many as 65% of 
teratomas (Surti et al. 9 Amer. J. Hum. Gen. 47: 635-643, 1990) are derived from a single 
maternal germ cell after failure of meiosis II (type II teratomas) or endoreduplication of a 
mature ovum (type III teratomas). Such teratomas are hemizygous for all loci in the 
genome, containing only one copy of the chromosomes normally present in the mother. 
Either tissue or cell lines established from such teratomas may be used as templates for 
DNA or RNA for preparation of monoallelic DNA or cDNA probes. 

Leukemias or leukemia cell lines with near haploid karyotypes, or that have passed 
through a stage of near haploidy. 

Up to 10% of acute myeloid leukemias in blast phase, as well as some acute 
lymphocytic leukemias, undergo a characteristic transformation to near haploidy (see, for 
example, Gibbons et aL, Leukemia 5(9):738-743 1991). In some cases, there are 
multiple copies of the haploid chromosome set, meaning that, while only one parental 
copy is preserved in the cell, this chromosome may be present in several copies. Either 
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purified tumor cells or cell lines established from such tumors may be used as a source of 
DNA or RNA for preparation of monoallelic probes {i.e., probes with unique sequences) 
for loci on all chromosomes except any retained diploid chromosomes. The problem of 
diploidy for some chromosomes may be overcome by using several cell lines with non- 
5 overlapping diploid chromosomes to make probes. Several immortal cell lines with the 
desired properties have been described. For example, Kohno et ah (J. Natl. Cancer Inst. 
64: 485-493, 1980) have described a cell line called NALM-16, which was established 
from an acute lymphoblastic leukemia in which only three chromosomes, chromosomes 
14, 18, and 21, were disomic at one point in the evolution of the leukemia. In addition, 
» Andersson et al (Leukemia 9(12): 2100-2108, 1995) have described a cell line, KBM-7, 
O which is diploid for only two chromosomes, chromosomes 8 and 15. Together, these two 
q cell lines are useful for preparing monoallelic probes from any position in the genome. 

1=6 Solid cancer cell lines with near haploid karyotypes, or that have passed through a stage 
f9 of near haploidy. 

□ Near-haploid karyotypes have been reported in a variety of non-leukemic 

□ malignancies, including squamous cell lung cancer (having 27 chromosomes), 
endometrioid cancer of the ovary (having 29 chromosomes), malignant fibrous 
histiocytoma, and renal oncocytoma. A cell line has been established from the lung 

20 cancer specimen (described in Drouin et al 9 Genes, Chromosomes, and Cancer 7: 209- 
212, 1993), and is diploid for only chromosomes 5, 7, 22, and the X chromosome. Either 
purified tumor cells or cell lines established from such tumors are useful as sources of 
DNA or RNA for preparation of monoallelic DNA or cDNA probes (i.e., probes having 
unique sequences) for loci on all chromosomes except any retained diploid 

25 chromosomes. 

Individual Germ Cells 
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Another example of a cell haploid for all human chromosomes is an individual 
germ cell (i.e., a sperm cell or an oocyte). PCR products from, for example, a single 
sperm cell may be generated and labeled to produce probes having unique sequences 
(see, for example, Li et al 9 Proc. Natl Acad. Sci. 87: 4580-4584, 1990). Alternatively, a 
5 whole genome amplification procedure using, for example, primer extension 

preamplification (PEP; for example, as described in Zhang et aL, Proc. Natl. Acad. Sci. 
89: 5847-5851, 1992; and Casas and Kirkpatrick, Biotechniques 20: 219-225, 1996) may 
be employed to generate an amplified representation of the sequences in the single sperm 
cell (or any other single haploid cell, such as an oocyte). From the resulting amplified 
iff representation, multiple subsequent amplifications may be performed to generate a 
Q variety of different unique sequence probes. This approach greatly reduces the effort 
u involved in generating large numbers of unique sequence probes. Similar methods may 
nj be applied to oocytes (Cui et al 9 Genomics 13:713-717, 1992) and to single somatic 
7 cells (Snabes et ai 9 Proc. Natl. Acad. Sci. 91: 6181-6185, 1994), for example, those 
tt somatic cells described below. 

: s 

Q Somatic cell hybrids that are monosomic for one or more human chromosomes. 

A different approach to the isolation of cell lines that are haploid for human 
chromosomes is the use of somatic cell hybrids. These are produced by fusing human 

20 cells or micronucleated chromosomes to nonhuman recipient cells, usually hamster or 
mouse cell lines. This may be achieved by transferring a single human chromosome to 
the non-human recipient cell, or by selecting hybrid cell lines in which only a single 
human chromosome is retained. A collection of such cell lines, each retaining a different 
human chromosome, has been assembled at the Coriell Cell Repository (Coriell Institute 

25 for Medical Research, Camden, NJ; see pages 703-743 of their 1994/1995 Catalog of 

Cell Lines for a description of these cell lines). The human genes are typically expressed 
in such hybrids, enabling the isolation of either monoallelic DNA or cDNA using, for 
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example, standard amplification procedures. 

Preparation of probes by amplification of single copy genes. 

Once a cell is determined to have only one allele of a gene (or fragment thereof) or 
5 chromosome {e.g., a hemizygous cell or a somatic cell hybrid), a probe may be prepared 
from this monoallelic gene or chromosome by any number of standard techniques known 
in the art (see, e.g., Ausubel et ah, supra; Sambrook et ah, supra). Particularly useful 
probes of the invention are labelled. In one exemplary method, to generate a rhodamine- 
labelled probe, RNA is collected from the cell, cDNA is prepared from the RNA (using, 
lg e.g., the Universal RiboClone cDNA synthesis kit from Promega, Madison, WI), and the 
% following PCR protocol is employed. 

O According to this technique, fluorescently labeled probes with high specific 

jU activity are produced by incorporation of rhodamine labeled dUTP into a DNA fragment 

,= during PCR. The concentration of rhodamine labeled dUTP can be varied to achieve 

fl 

l£ different degrees of fluorescent labeling. Methods for optimizing PCR reactions are well 
iy known in the art of molecular biology and include testing various temperatures for the 
i=j annealing step of the PCR, changing the MgCl 2 concentration, and changing primer and 
template concentrations. One example of a PCR protocol for use in a variance detection 
system utilizing T4 endonuclease 7 is as follows. 

20 A 500 ul PCR reaction is set up which contains Taq buffer (IX from a 10X stock; 

10X PCR stock contains 100 mM Tris pH8.3, 500 mM KC1, and 0.1% gelatin), 200 uM 
(final concentration) each dNTP, 2.5 mM (final concentration) MgCl 2 , and 12.5 units of 
AmpliTaq Gold (Perkin-Elmer Corp., Norwalk, CT), 1 uM (final concentration) forward 
primer, 1 uM (final concentration) reverse primer, 5 uM (final concentration) dUTP 

25 Rhodamine (2.5 ul of Molecular Probes Catalog No. C-7629, Eugene, OR), distilled 

water, and 1.25 ug of cDNA or DNA derived from the hemizygous cell. The amount of 
cDNA required will vary depending on the expression levels in the hemizygous cell of 
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the gene of interest being amplified. The pH of the Taq buffer and the concentrations of 
MgCl 2 and KC1 may differ from probe to probe depending on the PCR optimization 
conditions. 

The reaction mix is then divided into 5 PCR tubes, such that each tube contains 
100 |iil. The DNA is amplified using a PCR machine (e.g., a Perkin Elmer 9600) using, 
for example, the following cycle parameters: 95°C for 12 minutes; then 30 cycles of: 
94°C for 20 seconds, optimal annealing temperature for 30 seconds, 72°C for 45 seconds; 
followed by: 72°C for 12 minutes; and then holding at 4°C. The optimal annealing 
temperature for each probe is determined by an initial PCR optimization procedure and 
may differ between probes. 

The probe reaction mixtures are combined into one tube (0.5 ml total) and added 
to 1.5 ml of TE buffer (10 mM Tris pH 8.0, 1 mM Na 2 EDTA). The 2 ml mixture is then 
added to a Centricon-50 cartridge (Amicon Inc., Beverly, MA) and centrifuged in a 
Sorvall SS-34 rotor at 5500 rpm for 15 minutes. The filters are washed by adding 2 ml of 
TE buffer to the cartridge and centrifuging at 5500 rpm for 15 minutes, and repeating for 
a total of three washes. The Centricon-50 filters are then inverted, and the labeled PCR 
product (i.e., the probe) recovered by centrifuging at 2000 rpm for 2 minutes. (The flow- 
through volume at the bottom of the cartridge contains the recovered probe.) The OD 260 
and OD 280 is read to determine the concentration of the probe recovered from the filter. 
Serial dilutions (1:2) of the probe are then made, and the fluorescence measured by 
electrophoresis on an automated DNA sequencer (e.g., an ABI 377 sequencer), capillary 
electrophoresis/laser induced fluorescence instrument, or a similar device with detectors 
tuned to the emitting wavelength of the fluorophore. This information is then used to 
calculate the specific activity of the probe (fluorescence incorporation per femtomole of 
PCR product), which can then be mixed with a sample in an amount sufficient for the 
detection of probe-sample heteroduplexes. 



28 



Method of determining whether a gene is present in a single parental copy. 

In general, there are two preferred methods for determining if a cell line contains 
only one allelic form of a gene, and is therefore suitable for making monoallelic probes 
having a unique sequence which are useful in the invention. The two methods are 
5 applicable in different situations. A cell that has only one copy of a gene or chromosome 
can best be identified by cytogenetic or molecular analysis. A cell that has more than one 
copy of a single allelic form of a gene can best be identified by molecular analysis. 

L Gene is Present in a Single Copy in a Cell 

Cytogenetic analysis can reveal the number of copies in a cell of a specific DNA 
R sequence or of a collection of DNA sequences (for example, a collection of DNA 
5 sequences spread over an entire chromosome). The methods for cytogenetic analysis are 
*i well know in the art (see, for example, Chapter 4 of Dracopoli, N. et aL, Current 
^ Protocols in Human Genetics . John Wiley and Sons, 1997, and references cited therein). 
123 Briefly, the steps for cytogenetic analysis are as follows: (i) arrest dividing cells in 

Li-. 

□ interphase or metaphase with mitosis blocking drugs such as colchicine; (ii) make the 
;4 cells permeable to DNA probes (for interphase studies), or make a chromosome spread 
y by dropping cells on glass slides; (iii) hybridize labelled denatured DNA corresponding 

to a DNA segment or segments (which could represent a gene, chromosome, or other 
20 segment of interest); (iv) wash off unhybridized probe; and (v) visualize the probe-bound 

molecules using microscopy. The DNA or chromatin is stained to allow visualization of 

the probe in the context of the chromosomes. 

A variety of image enhancing methods can be used to aid visualization of the 

bound probe. Probes are often labelled with fluorescent tags and used in a technique that 
25 is referred to as fluorescent in situ hybridization, or FISH (Speicher, M.R. et al, Nature 

Genetics 12: 368-375, 1996). Since the labelled probe hybridizes to each cellular copy of 

the target DNA segment, the number of copies of the target gene can be determined by 
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simply counting the number of hybridizing spots. FISH has been used extensively to 
count the number of copies of specific sequences or chromosomes (Barks, J.H. et ah, 
Genes Chromosomes Cancer 19: 278-285, 1997; El-Naggar, A.K. et al 9 Human 
Pathology 28: 881-886, 1997). When one or more chromosomes from a cell line are 
5 shown to be present in one copy, that cell line can then be used to prepare monoallelic 
probes for any gene located on the single copy chromosome or chromosomes. Virtually 
all near-haploid tumor cell lines described in the literature have been identified by 
karyotyping. 

14 II. Gene is Present in Multiple Copies in a Cell 

□ In order to be suitable for the production of monoallelic probes, it is not necessary 

jE 

g that a cell contain a gene in a single copy; all that is required is the presence of a single 
^ allelic form of the gene in the cell or population of cells. Hence, some cells may have 
l= * two or more copies of the same gene, chromosome, or set of chromosomes. This can 
13 occur by aberrant fertilization, as in the case of hydatidiform moles, where two copies of 

□ the same paternal chromosome set are often found. Alternatively, it can occur in cancers 

Si 

q as a result of chromosome nondisjunction, or partial or complete chromosome deletion, 
followed by duplication (sometimes called endoreduplication) of the remaining 
chromosome or chromosomes. Other instances when this occurs are described herein. In 

20 order to determine if such a cell contains only one allelic form of a gene or genes or other 
DNA segment, it is best to use molecular techniques. 

Molecular analysis can reveal the presence of different copies of a specific DNA 
sequence that is polymorphic (i.e., known to vary in a population). The absence of two 
polymorphic forms in a cell indicates that at the sampled site the cell contains only one 

25 allelic form, or is homozygous at that site. The demonstration of homozygosity at many 
sites located on the same chromosome is evidence of homozygosity for a region of a 
chromosome, or for an entire chromosome. For example, consider a cell or tissue sample 
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that has been genotyped at 25 known sites of DNA sequence variation, all mapped to the 
same chromosome and known to be distributed along the length of the chromosome. If, 
in a normal population, 50% of subjects are heterozygotes at each of the 25 sites, but in 
the genotyped sample all 25 sites are homozygous, then it is extremely likely that the 
5 sample has only one allelic form of every gene on the tested chromosome, regardless of 
the number of chromosomal copies in each cell Specifically, the likelihood of finding a 
cell homozygous for all 25 markers, given that each is heterozygous in 50% of 
individuals, is 2 to the 25th power (2 25 ), or one in 33,554,432. 

Many polymorphic DNA markers have been identified in man and may be used to 
1Q perform the genotyping analysis (see, for example, the Genethon human genetic linkage 
2 map, published as an appendix to Dib et al. 9 Nature 380: 152-154, 1996). The ideal 
■4* candidate polymorphic sites are sites that can be assayed by polymerase chain reaction 
! sl (PCR), and that are highly polymorphic. Short tandem repeat polymorphisms (STRs) are 
\2 di-, tri-, or tetra-nucleotide sequences (for example the di-nucleotide CA) that repeat for a 
15k variable number of times in different alleles. They can be tested by PCR amplification of 
^ the STR using flanking primers in unique sequence, followed by gel electrophoresis to 
SI resolve alleles by size. PCR allows the use of small amounts of sample DNA and the 
ill automation of genotyping. Other polymorphic DNA markers that may be used for 

genotyping include restriction fragment length polymorphisms (RFLPs) and variable 
20 number of tandem repeat polymorphisms (VNTRs). Methods for genotyping DNA 

samples using these types of DNA markers are provided in Dracopoli, N. et al f Current 
Protocols in Human Genetics * John Wiley and Sons, 1997; see, in particular, Chapter 2). 

Variance Detection by SSCP. 
25 One technique commonly employed in the identification of single nucleotide 

differences is the single strand conformation polymorphism (SSCP) method (Orita et al. 9 
Genomics 5: 874-879, 1989). This methodology is effective for scanning PCR products 



for sequence variants, and is a standard technique in human genetics for variance 
detection, with numerous studies of its efficacy (greater than 90% with optimized 
protocols) and schemes for improved throughput. The probes of the invention are useful 
in the SSCP method because they provide good controls, since the probe will give rise to 
5 only one allelic form of the sequence being analyzed. The band or bands produced from 
a single allele are often useful in interpreting more complex patterns of bands produced 
from heterozygous samples, because it is possible to determine unambiguously which 
molecular species are derived from each allele in the heterozygous sample. Likewise, 
samples from the cells described herein are also useful in the SSCP technique, since it is 
t§ helpful to have samples with known alleles for probe production. 

y Variance detection by DGGE. 

j y Denaturing gradient gel electrophoresis (DGGE) represents a preferred technique 

^ for the identification of DNA sequence variances in genomic DNA or cDNA, or in PCR 
li products amplified from genomic DNA or cDNA. The DGGE method was originally 
'Q described by Fischer and Lerman ("Two Dimensional Electrophoretic Separation of 
y Restriction Enzyme Fragments of DNA," Methods in Enzymology 68: 183-191, 1979; 
"DNA Fragments Differing by Single Base-Pair Substitutions are Separated in 
Denaturing Gradient Gels: Correspondence with Melting Theory," Proc. Natl. Acad. Sci. 
20 U.S.A. 80: 1579, 1983) and has been improved since by many investigators (see, for 
example, Myers et al, "Mutation Detection by PCR, GC-Clamps, and Denaturing 
Gradient Gel Electrophoresis," (pp. 71-88) in Erlich, H.A. (ed.), PCR Technology: 
Principles and Applications for DNA Amplification . Stockton Press, New York, 1989; 
Myers et al, "Detecting Changes in DNA: Ribonuclease Cleavage and Denaturing 
25 Gradient Gel Electrophoresis," (pp. 95-139) in Davies, K.E. (ed.): Genomic Analysis: A 
Practical Approach . IRL Press Ltd., Oxford, 1988; and Abrams and Stanton Jr., Methods 
in Enzymology 212: 71-104 1992). 
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The basic principal of DGGE involves the creation of a gradient of denaturant in a 
gel, which is then used to resolve double stranded DNA (or RNA) fragments on the basis 
of conformational differences associated with strand melting. The denaturant can be 
chemical (as in DGGE, where a gradient of formamide and urea is typically used) or 
thermal (as in a related technique called thermal gradient gel electrophoresis, or TGGE, 
where a gradient of heat is used). To obtain conditions where double stranded DNA is 
close to melting, DGGE gels are immersed in a heated bath of electrophoresis buffer, 
while TGGE gels have a fixed concentration of chemical denaturant. 

As a double stranded DNA molecule migrates through a DGGE gel from a low 
concentration of denaturant at the origin to higher concentrations of denaturant toward 
the end of the gel, it eventually reaches a level of denaturant that will cause partial 
melting. Some design of DNA molecules (e.g., addition of a GC clamp) is often 
necessary to assure that the partial melting will occur as desired. The concentration of 
denaturant required to melt a given DNA segment is highly sensitive to sequence 
differences in the DNA, including changes as subtle as a single nucleotide substitution. 
Partially melted DNA fragments move through gels at a much slower rate than their fully 
duplex counterparts. Thus, two DNA fragments differing at a single nucleotide can be 
distinguished on the basis of their gel position after an appropriate period of 
electrophoresis; the fragment with the more stable structure (resulting from, for example, 
a G:C base pair in place of an A:T pair) will travel further in the gel than its less stable 
counterpart, because it will encounter the concentration of gradient required to melt it 
(and consequently dramatically retard or nearly stop its movement) at a point further 
along in the gel. 

The DGGE method reveals the presence of sequence variation between 
individuals as shifts in electrophoretic mobility, but does not show the sequence itself. 
Direct sequencing of DNA fragments (from different individuals) with altered mobility in 
the DGGE assay will reveal the precise sequence differences among them (see, e.g., 
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Ausubel et al, supra for standard sequencing techniques). From the nucleic acid 
sequence data, the amino acid sequence can be determined, and any amino acid 
differences can be identified. 

The DGGE method is suitable for analysis of restriction enzyme digested genomic 
5 DNAs, as initially described by Lerman and co-workers {supra) and later extended 
(Gray, M., Amer. J. of Human Genetics 50: 331-346, 1992). DGGE is equally suitable 
for analysis of cloned DNA fragments or DNA fragments produced by PCR. The 
analysis of cloned fragments or PCR fragments has the advantage that non-natural 
sequences, rich in G and C nucleotides, can easily be added to the 5' ends (either flanking 
lifr the cloning site or at the 5' ends of PCR primers). Such DNA fragments have very stable 

□ double stranded segments, called GC clamps, at one or both ends. The GC clamps alter 
q the melting properties of the fragments, and can be designed to insure melting of the 

j^l inter-primer segment of the PCR product at a lower temperature than the clamps, thereby 
i? * optimizing the detection of sequence differences (see Myers et al, supra and Myers et 
ljS al, Nucleic Acids Research 13:3131, 1985). GC clamps can be rationally designed for 

□ any specific DNA fragment of known sequence by use of a computer program {e.g. , the 
q MELT94 program written by L. Lerman and used in Michikawa et aL, Nucl. Acids Res, 

25(12):2455-2463, 1997) that accurately predicts melting behavior based on analysis of 
primary sequence. When GC clamps are used correctly, the DGGE method is highly 

20 efficient at detecting DNA sequence differences. Not only are nearly 100% of 

differences detected, but the false positive rate is essentially zero (Abrams, E.S. et al, 
Genomics 7: 463-475, 1990). Recently, methods for increasing the throughput of DGGE 
have been developed, based on multiplex PCR. 

In general, the steps for carrying out DGGE with GC clamps are as follows. 

25 1 . Design DNA fragments with optimal melting behavior. Oligonucleotide primers 

are selected, using GC clamps as necessary, to produce a single melting domain over the 
length of the sequence to be analyzed. It may be necessary to divide the sequence into 
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overlapping fragments to achieve this goal Design of primers and simulated analysis of 
fragments can be performed with the computer program described by Lerman (Lerman 
and Silverstein, Methods in Enzymology 155: 482-501, 1987). The output of the 
program is the melting map of the fragment, from which it will also be possible to 
5 determine the optimal range of denaturant in the gradient and the approximate 
electrophoresis time for fragments to reach the point of melting in the gradient. 

2. Amplify test fragments by PCR. Procedures for optimizing PCR are briefly 
described in the specification and are well known in the art. Template DNA samples 
may either be cDNA or genomic DNA and are typically drawn from a panel of unrelated 
lift individuals. 

£3 3 . Prepare a probe fragment and form heteroduplexes between probe and sample. 

£ The use of probes has the advantage that all the test samples are compared to a single 
.j! reference sample (often of known sequence) simplifying analysis of results; the probe 

i 73? 

also serves as a standard or marker for the mobility of a specific allele (since mobility of 
13 fragments in DGGE is not proportional to length it can be difficult to identify fragments 
□ with certainty). If samples are labelled, use of a probe allows one labelling procedure to 
A be used for a large number of samples. PCR is the best way to prepare probes because a 
1 y GC clamp can be attached to the sequence to be analyzed using a long primer. Template 

DNA samples can either be cDNA or genomic DNA. Optimally, the probe will be 
20 produced from a hemizygous or cloned template, insuring that the probe represents a 

single unique sequence. 

4. Pour a denaturing gradient gel. Briefly, two gel solutions are made containing 

the desired beginning and end concentrations of denaturant. The gel solutions are 

generally made by mixing "0%" and "100%" denaturant stock solutions, where the 0% 
25 stock consists of 7% acrylamide in Tris-acetate EDTA (TAE) electrophoresis buffer, and 

the 100% stock is also 7% acrylamide in TAE, plus 40% formamide by volume and 

seven molar urea. Equal volumes of the two solutions (e.g., twelve milliliters of each 
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solution) are poured into the two chambers of a gradient maker (usually between 20 and 
40% denaturant in the upstream chamber and 60 to 80% in the lower one) immediately 
after addition of ammonium persulfate and TEMED for acrylamide polymerization. The 
gradient gel can then be poured by opening the stopcock of the gradient maker. Usually 
gels are 0.75 to 1 mm in thickness, and gel combs that form 10-30 wells are used. With 
commercially available apparatus multiple gradient gels can be poured simultaneously. 
Suitable apparatus is sold by several vendors, including the BioRad (Hercules, CA) 
Decode system and the C.B.S. Scientific DGGE system. 

5. Place the gel in a heated bath of electrophoresis buffer. Gels are 
electrophoresed at elevated temperature which, together with the denaturant, brings the 
DNA fragments to their melting point. Gels are often run at 60°C in IX TAE buffer, with 
constant recirculation of buffer to the upper buffer chamber. Once the gel has been 
placed in the heated tank and allowed to equilibrate it can be loaded. Multiple gels can 
be run simultaneously in the same tank with the apparatus listed above. 

6. Load and run gel Enough PCR product from each sample may be loaded on 
the gel so that samples can be detected by a simple DNA staining procedure, thereby 
avoiding use of radioactivity, dyes or hybridization procedures. To achieve this, at least 
100 ng of each sample should be loaded, but preferably over 200 ng. Gel running 
conditions can be estimated from the output of the MELT87 program (used in Desbois et 
al., Hum. Mutat. 2(5): 395-403, 1993), however empirical adjustment are often 
necessary. Usually a voltage of approximately 80 V to 200 V is applied for periods of 5- 
20 hours, depending on the characteristics of the fragments being analyzed. 

7. Stain and analyze gel After electrophoresis, gels are stained with, for example, 
ethidium bromide, SYBR Green, or silver. The location of PCR products produced with 
the same primer pairs is compared. Altered location, and usually the appearance of two 
or more bands instead of one, signifies the presence of DNA sequence differences. More 
than two bands from a diploid sample are often present because, during the terminal cycle 
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of heating and cooling of the PCR step, heteroduplexes are formed between the 
maternally and paternally inherited alleles. If those alleles differ in sequence, the 
heteroduplexes will have mispaired nucleotides at the sites of difference. As a result, the 
heteroduplexes will be less stable than either of the homoduplex species, and will 
5 consequently melt and be retarded in the gel at a lower concentration of denaturant. 
Altogether, one may see four bands in such samples: two reciprocal heteroduplexes and 
two homoduplexes. The specific pattern of fragments in each lane constitutes a signature 
for a specific nucleotide change. 

8. Sequence DNA fragments with altered mobility. Examples of all different 
lift signatures are next analyzed by DNA sequencing to identify the base difference(s) 

.saw. 

rt accounting for altered mobility in the gradient gel Sequencing is performed according to 

5 standard techniques. 

|a * Variance detection using a T4 endonuclease VII mismatch cleavage method. 
IS The enzyme, T4 endonuclease VII, is derived from the bacteriophage T4. T4 

: 

□ endonuclease VII is used by the bacteriophage to cleave branched DNA intermediates 
q which form during replication so that the DNA can be processed and packaged. T4 
1 y endonuclease can also recognize and cleave heteroduplex DNA containing single base 

mismatches as well as deletions and insertions. This activity of the T4 endonuclease VII 
20 enzyme can be exploited to detect sequence variances present in the general population. 

In one particular approach to the identification of sequence variations using a T4 
endonuclease VII mismatch cleavage assay, 400-600 bp regions from a candidate gene 
are amplified in a panel of DNA samples (for example, cDNA or genomic DNAs 
representing some cross section of the world population), for example, by the polymerase 
25 chain reaction, and are mixed with a labeled probe. Heating and cooling the mixtures 
allows heteroduplex formation between the probe and sample DNA. To this mixture is 
added T4 endonuclease VII, which will recognize and cleave at sequence variance 
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mismatches formed in the heteroduplex DNA. Electrophoresis of the cleaved fragments, 
for example, on an automated DNA sequencer may be used to determine the site of 
cleavage. To more specifically pinpoint the variance site, a subset of the PCR fragments 
identified by T4 endonuclease VII cleavage as containing variances may be sequenced in 
the region of cleavage to establish the specific location and nature of the base variation. 

For carrying out the above detection method, a candidate gene sequence may be 
downloaded from an appropriate database, and primers for PCR amplification may be 
designed which result in the target sequence being divided into amplification products of 
between 400 and 600 bp. Preferably, there will be a minimum of a 50 bp overlap (not 
including the primer sequences) between the 5 ! and 3' ends of adjacent fragments, to 
ensure the detection of variances which are located close to one of the primers. 

Optimal PCR conditions for each of the primer pairs are determined 
experimentally. Parameters including, but not limited to, annealing temperature, pH, 
MgCl 2 concentration, and KC1 concentration may be varied until conditions for optimal 
PCR amplification are established. The PCR conditions derived for each primer pair are 
then used to amplify a panel of DNA samples (cDNA or genomic DNA) which is chosen 
to best represent the various ethnic backgrounds of the world population or some 
designated subset of that population, for example, a population with a specific disease or 
therapeutic response. 

For variance detection, one DNA source is chosen to be used as a probe. 
Optimally this DNA source should be one of the sources of unique sequence DNA 
described above. The same PCR conditions used to amplify the panel are used to amplify 
the probe DNA. However, a labeled nucleotide (such as a fluorescently labeled 
nucleotide) is included in the deoxynucleotide mix, such that a percentage of the 
incorporated nucleotides will be fluorescently labeled. The labeled probe is mixed with 
the corresponding PCR products from each of the DNA samples, and then heated and 
cooled rapidly to allow the formation of heteroduplexes between the probe and the PCR 
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fragments from each of the DNA samples. T4 endonuclease VII is added directly to 
these reactions and allowed to incubate for 30 minutes at 37°C. 10 jul of a formamide 
loading buffer is then added directly to each of the samples, which are then denatured by 
heating and cooling. 

5 A portion of each sample is electrophoresed, for example, on an ABI 377 

sequencer or by capillary electrophoresis. If there is a sequence variance between the 
probe DNA and the sample DNA, a mismatch will be present in the heteroduplex 
fragment formed. The enzyme T4 endonuclease VII will recognize the mismatch and 
cleave at the site of the mismatch. This will result in the appearance of two peaks 

Xg corresponding to the two cleavage products when run on the ABI 377 sequencer. If there 

l M are two differences between probe and sample, then there will be two cleavages, resulting 

f in three fragments, and so on. 

SI Fragments identified as containing variances are subsequently sequenced using 

M conventional methods to establish the exact location and nature of the variance. 
i§ Other methods for carrying out T4 endonuclease VII assays are described for 

ff example, in Cotton et al 9 U.S. Pat. No. 5,698,400 and Babon et aL, U.S.S.N. 08/545,404. 

fU Use of Hemizygous Probes for Haplotyping 

In any diploid cell, there are two haplotypes at any gene or other chromosomal 

20 segment that contain at least one distinguishing variance. In many well-studied genetic 
systems, haplotypes are more powerfully correlated with phenotypes than single 
nucleotide variances. Thus, the determination of haplotypes is valuable for 
understanding the genetic basis of a variety of phenotypes including disease 
predisposition or susceptibility, response to therapeutic interventions, and other 

25 phenotypes of interest in medicine, animal husbandry, and agriculture. 

In samples of DNA or cDNA derived from tissues or cells that have two 
chromosomes (i.e., all normal somatic tissues in humans and animals) in which there are 
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two or more heterozygous sites, it is generally impossible to tell which nucleotides 
belong together on one chromosome when using genotyping methods such as (i) DNA 
sequencing, (ii) nucleic acid hybridization of oligonucleotides to genomic DNA or total 
cDNA or amplification products derived therefrom, (iii) nucleic acid hybridization using 
5 probes derived from genomic DNA or total cDNA or amplification products derived 
therefrom, or (iv) most amplification-based schemes for variance detection. 

Haplotypes can be inferred from genotypes of related individuals by using a 
pedigree to sort out the transmission of groups of neighboring variances, but pedigree 
analysis is of little or no use when unrelated individuals are the subject of investigation, 
W as is frequently the case in medical studies. There are some methods for determining 
O haplotypes in unrelated individuals, for example, methods based on setting up allele- 

□ specific PCR primers for each of two variances that are being scanned (Michalatos- 

pjj Beloin et al, Nucl. Acids Res. 24: 4841-4843, 1996); however, these methods generally 
; & require customization for each locus to be haplotyped, and can therefore be time- 
ly consuming and expensive. Such differential priming methods do not rely on the use of 

□ probes. 

O The production of hemizygous probes from hemizygous cells as described herein 

:» S 

; 

is useful for the determination of haplotypes, using a procedure based on formation and 
detection of heteroduplexes between probe and sample strands. As shown in the example 

20 schematically diagramed in Fig. 1, two variances 300 nucleotides (nts) apart can be 

amplified together on a 600 nucleotide (nt) PCR product. There are four possible alleles 
(numbered 1 - 4 to the left of Fig. 1), comprising all the possible pair-wise combinations 
of variances. For example, for individuals heterozygous at both variance #1 and variance 
#2, there are only two types of heterozygotes in whom this will occur: heterozygotes for 

25 alleles 1 + 4 or for alleles 2 + 3. The other four possible combinations of different 

alleles, 1 + 2, 1+3,2 + 4 and 3 + 4, are only heterozygous at one position. Thus, there is 
no problem determining haplotypes; a genotyping procedure is sufficient. (Note that if 
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each of the four alleles is duplicated, there are also four classes of homozygotes.) 

Hemizygous probes derived from each of the four alleles may be used to type the 
10 possible classes of allele pairs. Table II below shows the cleavage fragments that 
would be generated by a resolvase, such as T4 endonuclease 7, or by chemical cleavage, 
after formation of heteroduplexes between samples, with the genotypes (allele pairs) 
shown across the top and the labelled probes shown (by allele number) in the left column. 
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this assay, however, does not rely upon complete cutting since there is a predictable 
relationship between the presence of mispaired bases (cleavage sites) and the ratio of 
products produced that will generally allow data such as that shown in Table II to be 
inferred from actual data. 

For example, in the combination of probe #1 with heterozygous sample 1 + 4, 
Table II shows cleavage products of 300 nt, 200 nt, and 100 nt. There might also be 
incompletely cleaved products of 300 + 200 = 500 and 300 + 100 = 400. However, 
comparison of the intensity of the 400 nt cleavage products between probe #1 /sample 1 + 
4 and probe #l/sample 1 + 2, or the 500 nt cleavage products between probe #l/sample 1 
+ 4 and probe #l/sample 1 + 3, would reveal a relative loss of intensity of those [400 nt 
and 500 nt] products in the probe #l/sample 1 + 4 heteroduplex cleavage product due to 
cleavage at an intervening site. (Note that Table II does not show uncleaved products.) 

Table II indicates, first, that if heteroduplexes can be detected quantitatively (i.e., 
if two copies of a 100 nt product can be distinguished from one copy), all 10 genotypes 
can be distinguished by a single hemizygous probe. The possibility exists, however, in 
many heteroduplex-based variance detection procedures using, for example, T4 
endonuclease VII, of some variation in cleavage efficiencies which may affect 
quantitative analysis of the data. 

The second conclusion that can be drawn from Table II is that, even without 
precise quantitation, the two haplotypes in the double heterozygote samples (1+4 and 2 
+ 3 on Table II) can be distinguished qualitatively. Hence, data generated using this 
assay can be analyzed both quantitatively as well as qualitatively. For example, if a 
genotyping procedure were done on all samples first to determine which individuals were 
double heterozygotes (and therefore needed to be haplotyped), then a subsequent 
heteroduplex-based haplotype assay using a hemizygous probe would give unambiguous 
haplotype results. This two step approach (genotyping first, then haplotyping) is a 
practical, albeit time-consuming, solution to haplotyping. 
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The third conclusion that can be drawn from Table II is that the cleavage product 
pattern from homozygotes mimics the cleavage product pattern observed in some of the 
heterozygote samples (for example, a probe produced from allele #1 gives the same size 
products with both heterozygous 1 + 4 and homozygous 4 + 4 in Table II). Such a result 
5 may lead to confusion in determining the haplotype of a sample. 

To effectively deal with this situation, the present approach may be carried out 
with more than one hemizygous probe used in a serial fashion. The aggregate data from 
multiple probe-sample heteroduplexes greatly facilitates the identification of haplotypes 
by providing both complementary and redundant data. It is straightforward to determine 
iS all haplotypes (even in the absence of genotype data) from, for example, resolvase 
0 cleavage patterns. Table II illustrates the complementary patterns of cleavage expected 
0 with the use of different hemizygous probes (probes #l-#4). A clear example of the 
nj utility of using multiple probes is the instance in which a series of probes have 

progressively more mispaired bases with the test alleles. The progressive appearance of 
l!S smaller products (adding up to the size of larger products detected with other probes with 
O fewer mispairs) is an indication that the same allele is being progressively cut, and 
□ therefore that all the variances from the hemizygous probe lie on that allele. For 

example, the presence of a series of heteroduplex cleavage patterns with different probes 
showing weakening or disappearance of a 350 nt product with appearance of 200 nt + 
20 150 nt products, and weakening or disappearance of the 200 nt product with appearance 
of 

120 nt + 80 nt products would indicate the mispaired bases responsible for the cleavage 
of the 350 nt and 200 nt fragments lie on the same allele. 

For the purposes of determining haplotypes, two or more hemizygous probes are 
25 preferably used in separate experiments on a set of samples to produce and analyze 
heteroduplexes. In addition, any number of probes, for example, three, or, more 
preferably, four or more probes, may be utilized for heteroduplex analysis. Note that, 
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although there are only four possible alleles in the case illustrated in Fig. 1 and Table II, a 
fragment with three variances would have 2 3 , or 8 possible haplotypes, and a fragment 
with four variances would have 2 4 , or 16 possible haplotypes, and so on. All possible 
haplotypes, however, are rarely observed. Hence, the ability to generate numerous 
hemizygous probes from multiple hemizygous cells using the methods described herein 
represents an ideal way to produce the multiple probes necessary to determine genotypes 
from analysis of heteroduplex products. 

All publications and patent applications mentioned in this specification are herein 
incorporated by reference to the same extent as if each independent publication or patent 
application was specifically and individually indicated to be incorporated by reference. 

Other embodiments are within the claims. 
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